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In-vitro Fatigue Failure of Cemented Acetabular Replacements; A Hip Simulator Study
The Portsmouth four-station Hip Simulator with a specimen loaded in one of the test cells
Experimental setup for testing in wet conditions. The sample is first fixed onto the base plate (a), the chamber is then assembled around the specimen (b), into which a saline solution (0.9% NaCl) is filled (c). The solution was kept at 37°C and circulated during testing.
A unique hip simulator has been developed for an in-vitro testing of cement fixation in acetabular replacements. The machine was designed to simulate the direction and the magnitude of the hip contact force under typical physiological loading conditions, including both walking and stair climbing (Bergmann et al., 2001 ).
Finite element analysis of implanted bone samples has been carried out, where the effects of boundary conditions and geometry of the specimen on the stress distribution in the cement mantle have been evaluated. In-vitro experiments suggested that debonding at the bone-cement interface is the main failure mechanism, while descending stairs seem to be more detrimental than normal walking with regard to the integrity of cement fixation.
Preliminary results from the endurance testing of cemented acetabular reconstructs in a saline solution seem to indicate that environment, when combined with physiological loading conditions, plays a key role in reducing the survival rate of cemented acetabular reconstructs.
Bone-Cement Interface Micromechanics
Micromechanics of bone-cement interface tested under step-wise compression and selected subvolumes (rectangles), where the progressive microdamage is monitored: (a) unloaded; (b) at the ultimate stress; (c) failure state. Details of the local damage (mostly trabeculae and struts buckling), is indicated by the arrows.
(a) CT image of a typical bone-cement interface sub-volume. (b) The local predicted minimum principal strain distribution of the same sub-volume from the FE model and (c) the damage sustained at the failure state during the experiment.
Although several studies have been carried out on bone-cement interface at continuum level, micromechanics of the interface has been studied only recently. Fundamental studies at microstructural level are critical to the understanding of the damage evolution at the interface, where multiple factors may contribute to failure. Micromechanics of bone-cement models, which utilises in situ mechanical testing and time-lapsed microcomputed tomography (CT) is carried out. Finite element subject-specific models generated from the CT images are used for validation of the experimental responses, and strain distribution obtained through digital correlation techniques such as Digital Volume Correlation (DVC). 
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In-Vitro Fatigue Behaviour of a Cemented Acetabular Reconstruction
The long-term stability of cemented acetabular replacements critically depends on the integrity of the bond between the bone and the cement under dynamic loading conditions.
In this study, a hemi-pelvis of composite sawbone was implanted with a Charnley cup using bone cement. The acetabular replacement was tested under constant amplitude cyclic loads simulating the maximum hip contact force during normal walking.
The damage development in the reconstruction was detected and monitored using CT scanning at regular test intervals. Extensive debonding between the cement and the bone was found by the CT scans, and confirmed by a microscopic study post testing at two millions cycles, as shown in the diagram.
A Three-Dimensional finite Element Analysis of Cemented Acetabular Reconstructs
A three-dimensional FE model of pelvis was developed from CT scan images of a cadaver pelvis, and validated using published experimental data. The pelvis model was then implanted with a cemented acetabular cup. Hip contact force and major muscle forces were applied and selected load cases during gait were analysed. A parametric study was carried out to examine the effects of clinical parameters, including cement thickness, cup size and cup orientation, on the stress distributions within the cement mantle and on the bone-cement interface.
The biodynamic nonlinearity caused by human soft tissue
We are exposed to motion throughout our lives. A baby travels in a pram; commuters by car, train, or bicycle; rescue crews by helicopters and boats. These expose the body to vibration with different waveforms, durations, and magnitudes. Current standards on assessment of health risks and human performance are primarily based on narrow ranges of moderate excitation magnitudes.
The studies are set out to i) perform a series of experiments to understand the magnitude dependence of a based-excited soft tissue at the excitation-subject interface using artificial tissues and a shaker system, and, ii) apply up-to-date nonlinear dynamics system modelling and optimisation algorithms in both frequency and time domains.
